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【Introduction】Water and ion hydration in non-aqueous media are widely relevant to organic 
chemistry, biochemistry and electrochemistry. Even a trace amount of water dissolved in the 
hydrophobic phase brings about remarkable facilitation for the ion transfer from the water phase to 
the hydrophobic one,1 but the mechanism of this phenomenon is still unsolved. In order to 
understand the mechanism of facilitation of ion transfer process, we use molecular dynamics (MD) 
to look into microscopic details of the ion transport process. The first part of the thesis focuses on 
the size distribution and adsorption/desorption kinetics of hydrated ion clusters, and the second 
part of the thesis focuses on the 2D free energy surface of ion transport process near the interface 
under different conditions. 
 
【Method】The size distribution of hydrated ion clusters is calculated from grand canonical 
distribution by calculating the reversible work of cluster formation. The kinetics of 
adsorption/desorption reactions is estimated by molecular dynamics (MD) based collision 
experiments as illustrated in Fig 1. Interfacial ion transport process can be characterized by two 
independent coordinates: the distance between ion cluster and the interface z and the “water finger” 
coordinate w.2 Hamiltonian replica exchange molecular dynamics (HREMD) is used to sample the 
2D free energy surface along z and w under different conditions. By integration of 2D free energy 
surface, we get the 1D free energy curve of the ion transport process along z.  
 
【Result & Discussion】Calculated size distribution of hydrated ion clusters under different water 
concentration is shown in Fig 2. The 1D free energy curve under different conditions is shown in Fig 
3. Figure 4 shows the size distribution of clusters immediately after the break of “water finger”. 
Compared with the size distribution of clusters in bulk, the size distribution near the interface has 
a much higher average hydration number. Since the kinetics of cluster adsorption/desorption of 
water is much faster compared to cluster diffusion process, the size distribution of interfacial 
clusters will reach bulk level before it diffuses away from the interface.3 And the 1D free energy 
curve shows the preference of the formation of “water finger” over naked cluster (n=0) within the z 
range (18~25 Å). Since lower concentration of water means a higher proportion of naked clusters, 
this preference offers a reasonable explanation of the catalytic effect of ion transfer process 
introduced by higher water concentration in the bulk. 
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Fig 3. 1D free energy curve under different 
conditions. The red line represents the 
situation when “water finger” keeps being 
formed. The n=0 and n=1 curves show the 
free energy with restricting the hydration 
number after the exit channel. 
 
Fig 4. The size distribution of clusters 
immediately after the break of “water finger” 
near the interface along z. Colored lines 
represent the distribution of different 
hydration numbers. 
 
Fig 2. Equilibrium size distribution of 
hydrated ion clusters in liquid 
dichloromethane with various water 
concentrations (a) 130 mM, (b) 13 mM, (c) 
1.3mM, (d) 0.13 mM. Values on top of each bar 
denote the average hydration numbers. 
Fig 1. Illustration of collision dynamics. The 
hydrated ion cluster is drawn in the center of the 
cell, and the MD cell is filled with oil molecules of 
gray shade. The initial impinging water molecule 
is colored in purple, with collision parameter b 














オンは水和水を引き連れて water finger と呼ばれる特徴的な構造を示し、やがてそれが切れて水
和クラスターとして油中に分離する。そこで聆鉴氏は油相内での水和クラスターの平衡分布を、
油中の水濃度を変化させた際の関数として分子シミュレーションによって算出できることを示し
た。水和クラスターの平衡を実現するには分子シミュレーションの時間・空間スケールでは極め
て大きいが、統計力学での大分配関数の理論をもとに自由エネルギー計算によって得られること
を示した。 
 また聆鉴氏は、液液界面を通過した直後の水和水分布が、上の平衡状態での水和水分布と異な
ることに着目し、界面を通過した直後のイオンが非平衡であることがイオンの界面通過の速度論
にとって重要な意味をもつことを明らかにした。water finger が切れた直後よりイオンの水和水
の分布が蒸発・凝縮によって変化していく速度論と界面に再びつかまる速度論とが競合関係にあ
ることを示し、その速度論を分子シミュレーションをもとに明らかにした。 
 実験的には油中の水濃度が高い方がイオンの輸送効率が高いという結果が報告されていたが、
そのメカニズムを初めて明らかにすることができた。 
 以上のように聆鉴氏の研究は液液界面でのイオン輸送の分子描像を明らかにする成果を与えて
おり、自立して研究活動を行うに必要な高度の研究能力と学識を有することを示している。した
がって，王聆鉴提出の博士論文は，博士（理学）の学位論文として合格と認める。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
